ABSTRACT. Monoclonal antibodies against human sur-ported an enzyme-linked immunoassay to quantitate surfactant factant apoproteins were prepared, which recognized 37, apoproteins using polyclonal antibodies.
Isolation of surfactant apoproteins. Human pulmonary surfacin this study show that the clinical use of the two-site tant was isolated from the lung lavage fluids of patients with simultaneous immunoassay with monoclonal antibodies to alveolar proteinosis using the modified method described by ~ulmonary surfactant apoproteins can predict fetal lung Frosolono et a/. (9) . The surface active fraction obtained by maturity more precisely. (Pediatr Res 19: 1017-1020, discontinuous sucrose density gradient centrifugation of the la-
1985)
vage fluid was treated by 5 mM Tris buffer, pH 7.8 containing 1% (v/v) Triton X-100, 3 mM EDTA, 1 mM phenylmethylsulAbbreviations fonylfluoride, 0.5 mM dithiothreitol (Triton buffer), and was KDa, kilodalton delipidated with butanol-ethanol extraction. The delipidated ma-PBS, phosphate-buffered saline, pH 7. 4 terial was treated with the Triton buffer and then centrifuged. TX/SM/PBS, 2% milk in PBS containing 1% Triton After the centrifugation the Supernatants were applied to a Blue X-100
Sepharose column (Pharmacia Fine Chemicals, Uppsala, Sweden). The fractions not bound to the Blue Sepharose column were then applied to a DEAE-Toyopearl column (Toyo Jyozo Co., Tokyo, Japan). After the initial washing with Triton buffer, the column was developed with a linearly increasing concentra-P u l m o n a~ surfactant stabilizes the a l v~l i by lowering the tion of 0-0.5 M NaCl in the same buffer. Proteins contained in surface tension on exPlratlon, thus Preventing alveolar collapse the main fractions were separated with sodium dodecyl sulfate- (1 ) . A deficiency in the pulmonary surfactant is believed to cause polyacrylamide gel electrophoresis by the method of Laemmli the respiratory distress syndrome in newborn humans. Fetallung (10) . The protein content of each fraction was estimated by the maturity has been assessed by the phospholipid analysis of sur-method of Lowry et al. (1 1) . The main peaks eluted with NaCl factant in the amniotic fluid. On the other hand, King et a[. (2) concentration between 0.30 and 0.35 M on the DEAE-Toyopearl reported that the change in the ~~ncentration of pulmonary column chromatography, which contained 62 and 36 KDa prosurfactant a~o~r o t e i n s in amniotic fluid was approximately Par-tein, were collected and used as pulmonary surfactant apoproallel with that of the phospholipid concentration. They used a teins in the present study. semiquantitative latex agglutination assay for the determination
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antibodies against human pulmoof the a~o~roteins. Recently, Katyal and c m~r k e r s (3, 4) re-nary suvfactant apoproteins. The Biotin labeling of monoclonal antibody. N-hydroxysuccinimidobiotin (NHS-biotin, Pierce Chemicals, Rockford, IL) was used for introducing biotin moieties into monoclonal antibody. Pure immunoglobulin (1.0 mg/ml) was dialyzed against 0.1 M sodium bicarbonate. After dialysis 10 volumes of pure immunoglobulin were mixed with 1 volume of NHS-biotin solution (1.0 mg/ml in dimethylsulfoxide). The reaction mixture was incubated at room temperature for 4 h and then dialyzed for 24 h at 4" C against several changes of 50 mM PBS.
Two-site simultaneous immunoassay. The two-site simultaneous immunoassay was camed out using two monoclonal antibodies, i.e.. PC 6 and PEIO. Wells in the nontreated microtiter plates (Dynatech Laboratories Inc., Alexandria, VA) containing 200 pl of monoclonal antibody PC 6 (10 pg/ml in 0.1 M sodium bicarbonate) were incubated overnight at 20" C. The wells were then washed with 2% skim milk (Snow Brand Milk Product Co. Ltd., Sapporo, Japan) in PBS containing 1 % Triton X-100 (TX/ SM/PBS) for 30 min at room temperature. The plates thus prepared were stored at -20" C until used. Each plate was returned to room temperature immediately before the immunoassay. After washing the plate with TX/SM/PBS, aliquots ( 100 pl) containing 10 ng to 100 pg of purified apoproteins per ml (in TX/SM/PBS) or various dilutions (2 to 256 times) of amniotic fluid samples (in TX/SM/PBS), and 100 pl of biotinylated monoclonal antibody PE 10 (2 pg/ml in TX/SM/PBS) were simultaneously added to the antibody PC 6 coated wells. The wells were incubated at 37" C for 90 min and washed with TX/SM/PBS. Two hundred p1 of horseradish peroxidase avidin D (Vector Laboratories, Inc., Burlingame, CA, diluted to 1200 times in TX/SM/PBS) were added to each well. The wells were then incubated at room temperature for 20 min. After extensive washings with PBS containing 1% Triton X-100, 200 p1 of the substrate solution (0.1 % o-phenylenediamine, 0.0 15% hydrogen peroxide, 0.1 M citrate buffer pH 4.6) were added. The reaction was camed out for 30 min at room temperature and was stopped by the addition of 100 p1 of 2 M sulfuric acid. The absorbance of each well was measured using an automatic microplate reader at two wave length absorbances; OD500nm-OD6~onm
Immunoassay of surfactant apoproteins in human amniotic fluid. The samples of amniotic fluid from 23 to 41 wk gestation were obtained by transabdominal amniocentesis or vaginal collection at the Hokkaido University Hospital and Asahikawa Medical College Hospital in Japan. The amniotic fluids were centrifuged at 300 x g for 10 min to remove cellular debris. The supernatants after centrifugation were frozen until the analysis of surfactant apoproteins could be made. The samples from complicated pregnancies such as diabetes, Rh incompatibility or rupture of membranes more than 24 h before delivery, with blood or meconium contamination, with polyhydroamnions, or with the use of prenatal glucocorticoids for the prevention of respiratory distress syndrome were all eliminated in the present study. Fifty-nine samples remained after the elimination. The samples were analyzed by the two-site simultaneous immunoassay method mentioned above.
RESULTS
Specificity of monoclonal antibodies. The specificity of two monoclonal antibodies used in the immunoassay has been described in detail elsewhere (8) . It was shown by immunoblotting (14) that monoclonal antibodies PC 6 and PE 10 recognize the same proteins, i.e. 34 KDa, 37 KDa, and 62 KDa proteins in human lung lavage fluid and amniotic fluid. The monoclonal antibodies were specific only for the human lung. They did not react with serum proteins, indicating that the surfactant apoproteins isolated are not derived from serum.
Immunoassay of surfactant apoproteins. The pulmonary surfactant apoproteins isolated from lung lavage fluids of patients with alveolar proteinosis were used as the standard for the immunoassay. Figure I shows a calibration curve of the apoproteins by the two-site simultaneous immunoassay. The assay was capable of measuring 10-640 ng of the apoproteins per ml with a coefficient of variation of less than 6%. The calibration curve obtained with different concentrations of the apoprotein standards were almost superimposable with those of amniotic fluid from a term pregnancy and bronchoalveolar lavage fluid from an adult man (Fig. 2) . Addition of human serum (2%) to the standard apoprotein preparations and to the amniotic fluid samples did not change the assayed concentration of the apoproteins, indicating that the immunoassay is free of serum interference. When the apoproteins were assayed at high concentrations of up to 100 pg/ml by the simultaneous immunoassay, the high-dose hooking effect was observed at the apoprotein concentration of more than 50 pg/ml (Fig. 3) .
Correlation of apoprotein concentration with gestational ages. The apoprotein concentrations of 59 samples of human amniotic fluid drawn at the various gestational ages were determined. The results are shown in Figure 4 and Table 1 . The apoprotein concentration was very low (0.84 pg/ml) in samples from pregnancies of less than 30 wk gestation. The concentration increased dramatically during the latter stages of gestation. The apoprotein concentrations in amniotic fluid from four patients who developed respiratory distress syndrome were 0.08, 0.16, 0.10, and 0.56 pg/ml, respectively.
DISCUSSION
The present study describes the two-site simultaneous immunoassay for the determination of surfactant apoproteins using two monoclonal antibodies which were prepared in our laboratory. The two-site sandwich immunoassay has been developed by utilizing the fact that the monoclonal antibody reacts only to a single determinant in the antigen molecule. The two-site simultaneous immunoassay is the most simple method among the various two-site immunoassays, and it will function better with monoclonal antibodies owing to the lack of competition between the binding sites (15) . In the simultaneous immunoassay, two reactions between antigen and antibody, i.e. the apoproteins with immobilized antibody and the apoproteins with biotinylated antibody, can be accomplished in one step. Recently, Katyal and Singh (3) developed the enzyme-linked immunoassay for rat surfactant apoproteins using polyclonal antibodies. The two-site simultaneous immunoassay in the present study is sensitive and reproducible. The immunoassay reported by Katyal and Singh (3) requires about 5 h to complete after the tubes were precoated with the primary antibody. Alternatively, since the antigen and the biotin-labeled antibody are simultaneously added in the immunoassay reported herein, one step of the incubation and washing can be eliminated. Thus, the present assay is considerably simplified and makes it possible to complete the assay within 2.5 h after melting the frozen, antibody-immobilized microtiter plates. Another advantage of the present method is the use of two monoclonal antibodies having different epitopes to the antigen, a continuous unlimited supply of which is available. In the simultaneous immunoassay, the high dose hooking effect was observed (Fig. 3) . The biotinylated-antibody apparently tends to bind with the apoproteins that failed to react with the immobilized antibody (16) . However, this hooking effect is seen only at extremely high concentrations and can be avoided by multiple dilutions of amniotic fluid samples.
Skim milk seems to work well for blocking, incubating, and washing in the procedure of the immunoassay as compared to bovine serum albumin. The use of skim milk is more effective at lowering the background. It is also useful because skim milk is considerably less expensive the comparable amounts of bovine serum albumin (1 7).
The assay using the avidin-biotin interaction which we used in the present method has several advantages. The binding between avidin and biotin is essentially irreversible and the affinity of avidin to biotin is greater than that of antigen to antibody (18) . Furthermore, the procedures of biotinylation can be easily performed and more than two biotin molecules may be linked to a single antibody molecule. These features result in amplifying the sensitivity of the immunoassay (19, 20) .
Katyal et al. (4) reported on the determination of surfactant apoproteins in human amniotic fluid using polyclonal antibodies. However, there has been no report published regarding the apoprotein concentration in human amniotic fluid at different stages of pregnancies. In the present study we presented data on the apoprotein concentrations in human amniotic fluid from 23 to 40 wk gestation. The concentration of surfactant apoproteins at less than 30 wk gestation was very low (mean 0.84 pg/ml), and it then increased 6.5-fold from the period of 34 to 36 wk gestation and 15.5-fold after 37 wk gestation. The change in the concentration of amniotic fluid apoproteins with gestational age is very similar to those reported with lecithin to sphingomyelin ratio (21) and saturated phosphatidylcholine (22) in human amniotic fluid. The developing profile of the apoprotein concentration as a function of gestational age is also similar to that of King et al. (2) who determined titers by latex agglutination using polyclonal antibodies as an indicater of the surfactant apoproteins. These results indicate that the fetal lung maturity will be more precisely predicted using the quantitation of surfactant apoproteins with the combination of the lecithin/sphingomyelin ratio or saturated phosphatidylcholine concentration. In conclusion, the simultaneous immunoassay with monoclonal antibodies presented in this study seems to be useful to predict the fetal lung maturity. A continuous unlimited supply of antibodies as well as its high specificity, sensitivity, rapidity, and simplicity makes this assay method useful for clinical application.
